Under investigation is a variable-coefficient Boiti-Leon-Manna-Pempinelli equation (vcBLMPe). Multi-waves solutions are obtained by the three waves method with variable coefficients. Based on the homoclinic breather approach, breather wave solutions are derived. Lump-type solutions are studied by using the Hirota's bilinear method with variable coefficients, which contain lump solutions and interaction solutions between lump and solitary wave.
Introduction
With the development of symbolic computation, nonlinear evolution equations (NLEE) and their solutions play an important role in almost all branches of physics, such as hydrodynamics, plasma physics and optical fiber [1] [2] [3] [4] [5] [6] . Then various methods were proposed by the researchers [7] [8] [9] [10] [11] [12] . NLEE with variable coefficients are often able to describe more complex physical phenomena, so they have attracted great attention [13] [14] [15] [16] [17] . In this paper, a (2+1)-dimensional vcBLMPe is studied as follows [18] a(t)u xt + b(t)u yt + c(t)u xy + k(t)u yy + 3 (u x u xy + u y u xx ) + u xxxy = 0,
where u = u(x, y, t), a(t), b(t), c(t) and k(t) are differentiable functions. Soliton solution and new bilinear Bäcklund transformation by using Bell polynomial technique and bilinear method have been obtained in Ref . [18] . As far as we know, multi-waves, breather wave and lump-type solutions of Eq. (1) have not been studied yet. In Ref. [18] , the bilinear form of vcBLMPe can be written as
The structure of this paper is as follows. Section 2 presents multi-waves solutions by using the three waves method with variable coefficients; Section 3 obtains the breather wave solutions based on the homoclinic breather approach; Section 4 studies the lump-type solutions by applying the Hirota's bilinear method with variable coefficients; Section 5 gives the conclusions. 
Multi-waves solutions
Considering the following three waves function with variable coefficients
where ϕ i (1 ≤ i ≤ 9) and θ i (t)(i = 1, 2, 3) are unknown functions. Substituting Eq. (4) into Eq.
(3), we get
where χ i (i = 1, · · · , 5) is integral constant, ǫ = ±1. Substituting Eq. (4) and Eq. (5) into u = 2 [lnξ(x, y, t)] x , we can derive the following multi-waves solutions of Eq. (1)
(a) 
Breather wave solutions
Based on the homoclinic breather approach, we have
where ϕ i (1 ≤ i ≤ 6) and θ i (t)(i = 1, 2) are unknown functions. Substituting Eq. (7) into Eq. (3), we get 
Lump-type solutions
Based on the Hirota's bilinear method with variable coefficients [21, 22] , lump-type solutions of Eq. (1) are supposed as
where α i (1 ≤ i ≤ 7), ϕ i (1 ≤ i ≤ 3) and Θ i (i = 1, 2) are undetermined parameters. Substituting Eq. (10) into Eq. (3), we obtain
where χ i (i = 9, · · · , 25). Substituting Eqs. 
Conclusion
In this paper, the (2+1)-dimensional vcBLMPe is studied. Multi-waves, breather wave and lump-type solutions are presented by using the three waves method with variable coefficients, the homoclinic breather approach and the Hirota's bilinear method with variable coefficients. All results have not been studied in previous literature. Fig. 1 describes the multi-waves solution (6) . Fig. 2 shows the breather wave solution (9) . Fig. 3 represents a lump wave in Eq. (13) . Fig. 4 displays the interaction phenomenon between lump and one solitary wave in Eq. (14) . Fig.5 demonstrates the interaction phenomenon between lump and two solitary waves in Eq. (15) . 
